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(57) ABSTRACT

A hydraulic cartridge valve including a housing with an
interior, first and second ports that pass through the housing,
a poppet 1n the housing interior, and an activation sensor.
The poppet moves between a closed position that blocks
flow through the housing interior between the first and
second ports, and an open position that allows tlow through
the housing interior between the first and second ports. The
activation sensor senses poppet position, and generate a
valve open signal when the poppet 1s 1n the open position.
The activation sensor can be a contact or contactless sensor,
and can be located mn an opening through the housing
blocked by a diaphragm. A pushrod pushed by the poppet
can activate the sensor, such that when the poppet blocks
flow the pushrod 1s separated from the diaphragm, and when
the poppet allows flow the pushrod 1s pushed towards the
diaphragm.

18 Claims, 2 Drawing Sheets
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HYDRAULIC CARTRIDGE VALVE WITH
ACTIVATION SENSOR

FIELD OF THE DISCLOSURE

The present disclosure relates to hydraulic valves, and
more specifically relates to hydraulic cartridge valves with
position sensors.

BACKGROUND

The position of a typical hydraulic cartridge valve, open
or closed, 1s often not timely available and not directly
available from the primary source. For example, in a typical
hydraulic system using a check valve coupled to an actuator
or other hydraulic device, the operator or controller will
have to wait for movement of the actuator coupled to the
check valve to determine whether the check valve 1s open,
and there may not be any indication to reliably determine
whether the check valve 1s closed. It would be desirable to
get timely and direct hydraulic cartridge valve position
information which can be used by an operator, controller or
other system.

SUMMARY

A hydraulic cartridge valve 1s disclosed that includes a
housing with a housing interior, first and second ports that
pass through the housing into the housing interior, a poppet
and an activation sensor. The poppet 1s 1 the housing
interior, and 1s configured to move between a closed position
and an open position. In the closed position, the poppet
blocks flow through the housing interior between the first
port and the second port. In the open position, the poppet
allows tlow through the housing interior between the first
port and the second port. The activation sensor 1s configured
to sense when the poppet 1s in the open position and generate
a valve open signal when the poppet 1s in the open position.
The activation sensor can be a contact sensor, a contactless
sensor, or other sensor type.

The hydraulic cartridge valve can also include an opening,
that passes through the housing 1nto the housing interior, and
a diaphragm located in the opening to prevents flow to and
from the housing interior. The diaphragm has an interior side
that faces towards the housing interior and an exterior side
that faces away from the housing interior. "

T'he activation
sensor can be located on the exterior side of the diaphragm.
The activation sensor can be threaded into the opening. The
activation sensor can be molded into the opening.

The hydraulic cartridge valve can also include a pushrod
with a proximal end and a distal end, where the pushrod 1s
located 1n the housing interior. The proximal end of the
pushrod can be adjacent to the poppet, and the distal end of
the pushrod can be on the interior side of the diaphragm.
When the poppet 1s 1n the closed position then the distal end
of the pushrod 1s separated from the diaphragm, and when
the poppet 1s 1n the open position then the distal end of the
pushrod 1s pushed towards the diaphragm. The distal end of
the pushrod can be moveable 1n the opening on the interior
side of the diaphragm.

The hydraulic cartridge valve can also include a spring
located 1n the housing interior, where the spring has a spring
force configured to push against a spring side of the poppet
to push the poppet into the first port to block flow through
the first port. The poppet can also include a port side that
taces the first port, where the port side of the poppet is
opposite the spring side of the poppet. When a port side
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force at the port side of the poppet 1s greater than a spring
side force at the spring side of the poppet then the poppet 1s
pushed by the port side force into the open position, and
when the port side force at the port side of the poppet 1s not
greater than the spring side force at the spring side of the
poppet then the poppet 1s pushed by the spring side force
into the closed position. The spring can be a coil spring with
an interior surrounded by coils of the spring; and the pushrod
can be located 1n the interior of the spring.

The activation sensor can be a contact sensor, such that
when the poppet 1s 1n the open position then the distal end
of the pushrod 1s pushed against the diaphragm, and the
activation sensor detects contact of the distal end of the
pushrod against the diaphragm.

The activation sensor can be a contactless sensor; sensor,
such that when the poppet 1s 1n the open position then the
activation sensor senses proximity of the distal end of the
pushrod, and when the poppet 1s 1n the closed position then
the activation sensor does not sense proximity of the distal
end of the pushrod. The activation sensor can be a magnetic
sensor that senses proximity of the distal end of the pushrod.

The housing can include an upper body and a lower body.
The first port can be located 1n the lower body. The opening
for the activation sensor can pass through the upper body of
the housing into the housing interior.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned aspects of the present disclosure
and the manner of obtaining them will become more appar-
ent and the disclosure itself will be better understood by
reference to the following description of the embodiments of
the disclosure, taken in conjunction with the accompanying
drawings, wherein:

FIG. 1 1illustrates an exemplary embodiment of a typical
pilot operated check valve;

FIG. 2 illustrates an exemplary embodiment of a pilot
operated check valve with an activation sensor;

FIG. 3 1illustrates another exemplary embodiment of a
pilot operated check valve; and

FIG. 4 illustrates another exemplary embodiment of a
pilot operated check valve with an activation sensor.

Corresponding reference numerals are used to indicate
corresponding parts throughout the several views.

DETAILED DESCRIPTION

The embodiments of the present disclosure described
below are not imtended to be exhaustive or to limit the
disclosure to the precise forms in the following detailed
description. Rather, the embodiments are chosen and
described so that others skilled in the art may appreciate and
understand the principles and practices of the present dis-
closure.

The position of a typical hydraulic cartridge valve 1s often
not timely available and the position information may not be
not directly available from the primary source. In a typical
hydraulic system using a check valve coupled to an actuator
or other hydraulic device, the operator or controller has to
wait for movement of the actuator coupled to the check
valve to determine whether the check valve 1s open, and

there may not be any direct indication of whether the check
valve 1s closed.

A contact or contactless electrical activation sensor can be

integrated into a hydraulic cartridge valve such that the
activation sensor would detect the mechanical movement ot

the components within the cartridge valve. The concept 1s
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described below with reference to a pilot operated check
valve (PO check valve), but this could be adopted for use in
other types of hydraulic cartridge valves. The activation
sensor can measure when the poppet in the PO check valve
1s hydraulically activated. The signal from the activation
sensor can be used on a system level to provide mput to
software, an electrical system, or other system that can
perform an action based on the activation or deactivation of
the PO check valve. The hydraulic valve does not need to
have an electrical coil that activates or positions the valve for
the activation sensor to be integrated into the hydraulic
cartridge valve.

FIG. 1 1llustrates an exemplary embodiment of a typical
pilot operated check valve 100. The check valve 100
includes a housing 110, a poppet 120 and a spring 130. The
housing 110 1s shown to include two pieces, a body 112 and
a plug 114. Alternatively, the housing 110 can be a single
integrated piece or multiple pieces. The housing includes a
first port 116 and a second port 118. The poppet 120 moves
in the housing 110 due to opposing forces on a spring side
122 of the poppet 120 and a port side 124 of the poppet 120.

When the force at the port side 124 of the poppet 120 1s
less than the force at the spring side 122 of the poppet 120,
then the check valve 100 1s not activated (as shown). When
the check valve 100 1s not activated, the extended spring 130
pushes the poppet 120 1nto the first port 116, which blocks
flow through the check valve 100. When the force at the port
side 124 of the poppet 120 1s greater than the force at the
spring side 122 of the poppet 120, then the check valve 100
1s activated. When the check valve 100 1s activated, the force
on the port side 124 of the poppet 120 at the first port 116
compresses the spring 130 and pushes the poppet 120 out of
the first port 116, which allows tlow through the check valve
100 between the first port 116 and the second port 118. In an
exemplary hydraulic system using the check valve 100
where an actuator or other hydraulic device 1s coupled to the
second port 118, an operator or controller will typically not
know the status of the check valve 100 until there 1s
movement of the actuator coupled to the second port 118.

FIG. 2 illustrates an exemplary embodiment of a pilot
operated check valve 200 with an activation sensor. The
check valve 200 includes a housing 210, a poppet 220 and
a spring 230. The check valve 200 also includes an activa-
tion sensor 2350, a diaphragm 252, wiring 254 and a pushrod
260. The housing 210 1s shown to include two pieces, a body
212 and a plug 214. Alternatively, the housing 210 can be a
single mtegrated piece or multiple pieces. The housing 210
includes a first port 216 and a second port 218. The housing
210 also includes an opening 258 which 1s shown to go
through the plug 214. The poppet 220 moves 1n the housing
210 due to opposing forces on a spring side 222 of the
poppet 220 and a port side 224 of the poppet 220.

The wiring 254 couples the activation sensor 250 to an
clectrical device 270. The diaphragm 252 seals the opening
2358 to prevent fluid from leaking through the opening 258.
The activation sensor 250 can be on an exterior side of the
diaphragm 252. The activation sensor 2350 could have a

molded, threaded or other style connection in the opening
258 or to the housing 210. The pushrod 260 has a proximal

end 262 and a distal end 264, where the distal end 264 moves
in the opening 258. The pushrod 260 moves with the poppet
220 as the spring 230 compresses and extends. The spring
230 can be a coil spring with an interior surrounded by coils
of the spring, and the pushrod 260 can be located in the
interior of the spring 230 as shown in FIG. 2. When the
poppet 220 compresses the spring 230 to allow tlow between
the first and second ports 216, 218, the poppet 220 also
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pus“les the proximal end 262 of the pushrod 260 which
pushes the distal end 264 of the pushrod 260 against the
diaphragm 252. When the activation sensor 250 senses the
distal end 264 of the pushrod 260 pushing against the
diaphragm 252, the activation sensor 2350 sends a valve open
signal through the wiring 254 to the electrical device 270.
The electrical device 270 can be, for example, a controller,
an 1indicator or some other electrical device. For a controller,
the status of the valve open signal can be a software input,
or a trigger to an electrical system to perform some functions
or actions. For an indicator, the presence of the valve open
signal can turn on a light visible to the operator. Other
functions or actions can also be taken in response to the
presence or absence of the valve open signal from the
activation sensor 2350. In an exemplary hydraulic system
using the check valve 200 where an actuator or other
hydraulic device 1s coupled to the second port 218, the
operator or controller will not have to wait for movement of
the actuator coupled to the second port 218 but will know the
status of the check wvalve 200 by the signal from the
activation sensor 250.

The activation sensor 250 can be a contact sensor or a
contactless sensor. For example, a contact activation sensor
250 can sense contact of the distal end 264 of the pushrod
260 against the diaphragm 2352. Alternatively, a contactless
activation sensor 2350 can use a magnet or other contactless
method to sense proximity of the distal end 264 of the
pushrod 260 near the diaphragm 252.

When the force at the port side 224 of the poppet 220 1s
less than the force at the spring side 222 of the poppet 220,
then the check valve 200 1s not activated. When the check
valve 200 1s not activated, the extended spring 230 pushes
the poppet 220 into the first port 216, which blocks flow
through the check valve 200 and the pushrod 260 is not
pushed against the diaphragm 2352. When the force at the
port side 224 of the poppet 220 1s greater than the force at
the spring side 222 of the poppet 220, then the check valve
200 1s activated. When the check valve 200 1s activated, the
force on the port side 224 of the poppet 220 at the first port
216 pushes the poppet 220 out of the first port 216 which
compresses the spring 230, pushes the pushrod 260 against
the diaphragm 252, and allows flow through the check valve
200 between the first and second ports 216, 218.

The position of the check valve 200 1s indicated by the
activation sensor 250. The valve open signal 1s triggered as
soon as the force at the port side 224 of the poppet 220 1s
greater than the force at the spring side 222 of the poppet
220, which pushes the poppet 220 out of the first port 216
compressing the spring 230 and pushing the distal end 264
of the pushrod 260 against the diaphragm 232. This can
provide direct and more timely feedback than waiting for
flow through the check valve to activate an actuator or other
hydraulic device.

FIG. 3 1illustrates another exemplary embodiment of a
pilot operated check valve 300. The check valve 300
includes a housing 310, a poppet 320 and a spring 330. The
housing 310 in this embodiment includes two pieces, an
upper body 312 and a lower body 314. The lower body 314
includes a first port 316 and a second port 318. The poppet
320 moves in the housing 310 due to opposing forces on a
spring side 322 of the poppet 320 and a port side 324 of the
poppet 320.

When the force at the port side 324 of the poppet 320 1s
less than the force at the spring side 322 of the poppet 320,
then the check valve 300 1s not activated (as shown) When
the check valve 300 1s not activated, the extended spring 330
pushes the poppet 320 into the first port 316, which blocks




US 11,530,760 B2

S

flow through the check valve 300. When the force at the port
side 324 of the poppet 320 15 greater than the force at the
spring side 322 of the poppet 320, then the check valve 300
1s activated. When the check valve 300 1s activated, the force
on the port side 324 of the poppet 320 at the first port 316
compresses the spring 330 and pushes the poppet 320 out of
the first port 316, which allows tlow through the check valve
300 between the first port 316 and the second port 318. In
an exemplary hydraulic system using the check valve 300
where an actuator or other hydraulic device 1s coupled to the
second port 318, an operator or controller will typically not
know the status of the check valve 300 until there 1s
movement of the actuator coupled to the second port 318.

FIG. 4 illustrates another exemplary embodiment of a
pilot operated check valve 400 with an activation sensor.
The check valve 400 includes a housing 410, a poppet 420
and a spring 430. The check valve 400 also includes an
activation sensor 450, a diaphragm 452, wiring 454 and a
pushrod 460. The housing 410 1n this embodiment includes
two pieces, an upper body 412 and a lower body 414. The
housing 410 includes a first port 416 and a second port 418.
The housing 410 also includes an opening 458 which 1is
shown to go through the upper body 412. The poppet 420
moves 1n the housing 410 due to opposing forces on a spring
side 422 of the poppet 420 and a port side 424 of the poppet
420.

The wiring 454 couples the activation sensor 450 to an
clectrical device 470. The diaphragm 452 seals the opening
4358 to prevent fluid from leaking through the opening 458.
The activation sensor 450 can be on an exterior side of the
diaphragm 452. The activation sensor 450 can have a

molded, threaded or other style connection 1n the openming
4358 or to the housing 410. The pushrod 460 has a proximal

end 462 and a distal end 464, and the distal end 464 moves
in the opening 458. The pushrod 460 moves with the poppet
420 as the spring 430 compresses and extends. The spring
430 can be a coil spring with an interior surrounded by coils
of the spring, and the pushrod 460 can be located in the
interior of the spring 430 as shown in FIG. 4. When the
poppet 420 compresses the spring 430 to allow flow between
the first and second ports 416, 418, the poppet 420 also
pushes the proximal end 462 of the pushrod 460 which
pushes the distal end 464 of the pushrod 460 against the
diaphragm 452. When the activation sensor 450 senses the
distal end 464 of the pushrod 460 pushing against the
diaphragm 452, the activation sensor 4350 sends a valve open
signal through the wiring 454 to the electrical device 470.
The electrical device 470 can be, for example, a controller,
an indicator or some other electrical device. For a controller,
the status of the valve open signal can be a software input,
or a trigger to an electrical system to perform some functions
or actions. For an indicator, the presence of the valve open
signal can turn on a light visible to the operator. Other
functions or actions can also be taken in response to the
presence or absence of the valve open signal from the
activation sensor 4350. In an exemplary hydraulic system
using the check valve 400 where an actuator or other
hydraulic device 1s coupled to the second port 418, the
operator or controller will not have to wait for movement of
the actuator coupled to the second port 418 but will know the
status of the check valve 400 by the signal from the
activation sensor 450.

The activation sensor 4350 can be a contact sensor or a
contactless sensor. For example, a contact activation sensor
450 can sense contact of the distal end 464 of the pushrod
460 against the diaphragm 452. Alternatively, a contactless
activation sensor 450 can use a magnet or other contactless
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6

method to sense proximity of the distal end 464 of the
pushrod 460 near the diaphragm 452.

When the force at the port side 424 of the poppet 420 1s
less than the force at the spring side 422 of the poppet 420,
then the check valve 400 1s not activated. When the check
valve 400 1s not activated, the extended spring 430 pushes
the poppet 420 into the first port 416, which blocks flow
through the check valve 400 and the pushrod 460 is not
pushed against the diaphragm 4352. When the force at the
port side 424 of the poppet 420 1s greater than the force at
the spring side 422 of the poppet 420, then the check valve
400 1s activated. When the check valve 400 1s activated, the
force on the port side 424 of the poppet 420 at the first port
416 pushes the poppet 420 out of the first port 416 which
compresses the spring 430, pushes the pushrod 460 against
the diaphragm 452, and allows flow through the check valve
400 between the first and second ports 416, 418.

The position of the check valve 400 1s indicated by the
activation sensor 450. The valve open signal 1s triggered as
soon as the force at the port side 424 of the poppet 420 1s
greater than the force at the spring side 422 of the poppet
420, which pushes the poppet 420 out of the first port 416
compressing the spring 430 and pushing the distal end 464
of the pushrod 460 against the diaphragm 432. This can
provide direct and more timely feedback than waiting for
flow through the check valve to activate an actuator or other
hydraulic device.

While the disclosure has been illustrated and described 1n
detail 1n the drawings and foregoing description, such 1llus-
tration and description 1s to be considered as exemplary and
not restrictive in character, 1t being understood that illustra-
tive embodiment(s) have been shown and described and that
all changes and modifications that come within the spirit of
the disclosure are desired to be protected. It will be noted
that alternative embodiments of the present disclosure may
not include all of the features described yet still benefit from
at least some of the advantages of such features. Those of
ordinary skill in the art may readily devise their own
implementations that incorporate one or more of the features
ol the present disclosure and fall within the spirit and scope
ol the present invention as defined by the appended claims.

We claim:

1. A hydraulic cartridge valve comprising:

a housing with a housing interior;

a first port that passes through the housing into the
housing interior;

a second port that passes through the housing into the
housing interior;

a poppet 1n the housing interior, the poppet configured to
move between a closed position and an open position,
where the closed position blocks flow through the
housing interior between the first port and the second
port, and the open position allows flow through the
housing interior between the first port and the second
port;

an activation sensor configured to sense when the poppet
1s 1n the open position and generate a valve open signal
when the poppet 1s 1n the open position;

an opening that passes through the housing into the
housing interior;

a diaphragm located 1n the opening that prevents tlow to
and from the housing interior, the diaphragm has an
interior side that faces towards the housing interior and
an exterior side that faces away from the housing
interior; and

a pushrod with a proximal end and a distal end, the
pushrod located in the housing interior, the proximal
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end of the pushrod adjacent to the poppet and the distal
end of the pushrod on the interior side of the dia-
phragm;

wherein when the poppet 1s in the closed position then the

distal end of the pushrod 1s separated from the dia-
phragm, and when the poppet 1s 1n the open position
then the distal end of the pushrod 1s pushed towards the
diaphragm.

2. The hydraulic cartridge valve of claim 1, wherein the
activation sensor 1s a contact sensor.

3. The hydraulic cartridge valve of claim 1, wherein the
activation sensor 1s a contactless sensor.

4. The hydraulic cartridge valve of claim 1, further
comprising

wherein the activation sensor 1s located on the exterior

side of the diaphragm.

5. The hydraulic cartridge valve of claim 1, wherein the
activation sensor 1s threaded into the opening.

6. The hydraulic cartridge valve of claim 1, wherein the
activation sensor 1s molded into the opening.

7. The hydraulic cartridge valve of claim 1, further
comprising a spring located in the housing interior, where
the spring has a spring force configured to push against a
spring side of the poppet to push the poppet into the first port
to block flow through the first port;

wherein the poppet also includes a port side that faces the

first port, where the port side of the poppet 1s opposite
the spring side of the poppet; and

wherein when a port side force at the port side of the

poppet 1s greater than a spring side force at the spring
side of the poppet then the poppet 1s pushed by the port
side force 1nto the open position, and when the port side
force at the port side of the poppet 1s not greater than
the spring side force at the spring side of the poppet
then the poppet 1s pushed by the spring side force into
the closed position.

8. The hydraulic cartridge valve of claim 7, wherein the
spring 1s a coil spring with an interior surrounded by coils of
the spring; and

the pushrod i1s located in the interior of the spring, the

proximal end of the pushrod adjacent to the spring side
of the poppet.

9. The hydraulic cartridge valve of claim 8, wherein the
distal end of the pushrod 1s moveable 1n the opening on the
interior side of the diaphragm.

10. The hydraulic cartridge valve of claim 9, wherein the
activation sensor 1s a contact sensor; and

wherein when the poppet 1s 1n the open position then the

distal end of the pushrod 1s pushed against the dia-
phragm, and the activation sensor detects contact of the
distal end of the pushrod against the diaphragm.

11. The hydraulic cartridge valve of claim 9, wherein the
activation sensor 1s a contactless sensor; and

5

10

15

20

25

30

35

40

45

50

8

wherein when the poppet 1s 1n the open position then the
activation sensor senses proximity of the distal end of
the pushrod, and when the poppet 1s 1mn the closed
position then the activation sensor does not sense
proximity of the distal end of the pushrod.

12. The hydraulic cartridge valve of claim 11, wherein the
activation sensor 1s a magnetic sensor that senses proximity
of the distal end of the pushrod.

13. The hydraulic cartridge valve of claim 1, wherein the
housing comprises an upper body and a lower body, where
the first port 1s located in the lower body.

14. The hydraulic cartridge valve of claim 13,

wherein the opening passes through the upper body of the

housing into the housing interior; and

wherein the activation sensor 1s on the exterior side of the

diaphragm.

15. The hydraulic cartridge valve of claim 14, further
comprising a spring located in the housing interior, where
the spring has an interior surrounded by coils of the spring
and the pushrod 1s located in the interior of the spring, and
where the spring has a spring force configured to push
against a spring side of the poppet to push the poppet into the
first port to block flow through the first port; and

wherein the poppet also includes a port side that faces the

first port, where the port side of the poppet 1s opposite
the spring side of the poppet; and

wherein when a port side force at the port side of the

poppet 1s greater than a spring side force at the spring
side of the poppet then the poppet 1s pushed by the port
side force 1nto the open position, and when the port side
force at the port side of the poppet 1s not greater than
the spring side force at the spring side of the poppet
then the poppet 1s pushed by the spring side force mnto
the closed position.

16. The hydraulic cartridge valve of claim 15, wherein the
distal end of the pushrod 1s moveable 1n the opening on the
interior side of the diaphragm.

17. The hydraulic cartridge valve of claim 16, wherein the
activation sensor 1S a contact sensor; and
wherein when the poppet 1s 1n the open position then the
distal end of the pushrod 1s pushed against the dia-
phragm, and the activation sensor detects contact of the
distal end of the pushrod against the diaphragm.
18. The hydraulic cartridge valve of claim 16, wherein the
activation sensor 1S a contactless sensor; and
wherein when the poppet 1s 1n the open position then the
activation sensor senses proximity of the distal end of
the pushrod, and when the poppet 1s 1 the closed
position then the activation sensor does not sense
proximity of the distal end of the pushrod.
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